I 


•I’M 


V/ 


& 

4 


is 


OFFICE  OF  NAVAL  RESEARCH 


STIC  FILE  COP)' 


Contract  N00014-85-K-0772 
Work  Unit  No.  4326-808 

TECHNICAL  REPORT  NO.  128 


Cupracarboranes  Containing  a  closo~Cu(l)C2Bg  Geometry. 

Synthesis  and  Structure  of  [(PPh3)CuC2B9Hj  j]*  and  [(PPh3>2Cu2(li-H)2C2B9H9]. 


Youngkyu  Do,  Han  Chyul  Kang,  Carolyn  B.  Knobler  aiK  M.  Frederick  Hawthorne 


Prepared  for  Publication 


Inorganic  Chemistry 


University  of  California  at  Los  Angeles 
Department  of  Chemistry  and  Biochemistry 
Los  Angeles,  California  90024 

June,  1987 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government 


DTIC 

ELECTE 


JUN  2  5  1987 


I 


This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited 


87  6  24  062 


Unclassified 


REPORT  DOCUMENTATION  PAGE 

la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

lb  RESTRICTIVE  MARKINGS 

2a.  SECURITY  CLASSIFICATION  AUTHORITY 

3  DISTRIBUTION /AVAILABILITY  Of  REPORT 

2b  DECLASSIFICATION  /DOWNGRADING  SCHEDULE 

Distribution  list  enclosed 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

128 

5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

6a  NAME  OF  PERFORMING  ORGANIZATION 
UCLA 

Dept,  of  Chem.  &  Biochem. 

6b  OFFICE  SYMBOL 
(If  eppliceble) 

7a  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 

6c  ADDRESS  (City,  Stete.  end  ZIP  Code) 

6115  Young  Hall 

405  Hilgard  Avenue 

Los  Angeles,  CA  90024 

7b  ADDRESS  (City,  State,  end  ZIP  Code) 

Department  of  the  Navy 

Arlington,  VA  22217 

8a  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 

8b  OFFICE  SYMBOL 
(If  eppliceble) 

9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N00014-85-K-0772/RNT  Code:  4135004 

8c  ADDRESS  (C/fy,  State.  end  ZIP  Code) 


11  TiTlE  (Include  Security  Clessificetion) 


10  SOURCE  Of  FUNDING  NUMBERS 


PROJECT 

NO 


PROGRAM 
ELEMENT  NO 


Cupracarboranes  Containing  a  cloZtO-C u(I)C2B„  Geometry.  Synthesis  and  Structure  of 
[(PPh^)CuC?BqH11]-  and  [ (PPh3)2Cu2(y-H)2C2B9Ha] . 


12  PERSONAL  AUTHOR(S) 

_ Youngkyu  Do,  Han  Chyul  Kan 


13a  type  of  REPORT 
Technical  Report 


16  SUPPLEMENTARY  NOTATION 

To  be  published  in  Inorganic  Chemistr 


13b  TIME  COVERED 
FROM  _  TO 


Carolyn  B.  Knobler  and  M.  Frederick  Hawthorne 


14  DATE  OF  REPORT  (Yeer.  Month.  Oey)  Il5  PAGE  COUNT 

06/15/87  I 


17 

COSATI  CODES  | 

FIELD 

GROUP 

SUB-GROUP  1 

'8  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  end  identify  by  block  number) 
metallacarborane ;  cupracarborane; 
bridging  boron-hydride  ;  bimetallacarborane 


19.  ABSTRACT  ( Continue  on  reverse  if  necessery  end  identify  by bias*  number)  3  tm.t  i.p*  I  o 

^-xThe  reaction  chemistry  of  with  copper(I)  has  been  examined  to 

provide  anaerobic  synthetic  routes  to  two  Sovei  phosphinocupracarboranes,  [ (PPhV)Cuc3Bd 


provide  anaerobicgvnthetic  routes  to  two  SwgT  phosphinocupracarboranes,  [  (PPh^)CuC^B^H'l1]Q 
and  [(PPh^^Cu^fS-H^C^H^] .  structural  analysis  reveals  that  both  cupracarboranes 

adopt  a  ci.060  geometry  for  the' d  _  MC^Bq1  icosahedra.  Two  copper(I)  centers  of  the  hpmodi- 
nuclear  complex  are  incorporated  into  one  carborane  cage  via  the  open  pentagonal  C^B^  face 
and  two  B-H-Cu  bridges.  Both  bridging  BH  units  stemjrom  the  upper  pentagonal  belt  resulting 
in  the  interatomic  Cu(I)-Cu(I)  distance  of  2.576(1)  TT"  The  relatively  close  Cu(I)-Cu(I) 
proximity  can  be  ascribed  to  a  metal-metal  interaction  and  the  dinuclear  cupracarborane  can 
be  viewed  as  a  zwitterionic  salt  which  upon  dissolution  remains  intact  while  exhibiting 
f luxional  behavior.  The  nature  of  these  fluxional  processes  has  been  explored  by  variable 
temperature  multinuclear  FTNMR  spectroscopy.  ^  '1  Jo*  C  t  ^  -yh  \  ,v4”  1 

[  (PPh3)2Cu9(y-H)2C2BQHg]  crystallizes  in  the  monoclinic  space  group  P21/ft,\with  a  = 
10.005(2),  b  =  20.693(4),  c  =  18.998(3)  ft,  6  -  92.664(6)°,  Z  =  4.  PPN[  (PPh3)CuC2B9Hn] 


20  distribution /availability  of  abstract 
09 UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  □  D’lC  USERS 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 
M.  F.  Hawthorne 


DD  FORM  1473,  84  MAR  83  APRedtion  may  be  used  until  exhausted 

All  other  edition*  are  obtolcte 


121  ABSTRACT  SECURITY  CLASSIFICATION 
Unclassified 


22b  TELEPHONE  (Include  Area  C ode)  22c  OfFiCE  SYMBOL 

(213)825-7378 


i  may  be  med  until  e*hau!ted  security  classification  of  this  page 


crystallizes  in  the  monoclinic  space  group  V2-^h\t  with  a_  «  11.507(1),  l>  *  14.772(1), 
c  -  30.751(2)  %,  &  -  90.284(2)°,  Z  -  4. 


Cupracarboranes  Containing  a  c/oso-Cu(I)C2B9  Geometry. 
Synthesis  and  Structure  of 

[(PPh3)CuC2B9H11]-  and  [(PPI^^Oi-H^B^]. 


Youngkyu  Do,  Han  Chyul  Kang,  Carolyn  B.  Knobler 
and  M.  Frederick  Hawthorne* 

Department  of  Chemistry  and  Biochemistry 
University  of  California,  Los  Angeles 
Los  Angeles,  California  90024 


Abstract 

The  reaction  chemistry  of  [w'do-7,8-C2B9H  j  with  coppe~(I)  has  been  examined  to 
provide  anaerobic  synthetic  routes  to  two  novel  phosphinocupracarboranes,  [(PPl^Q^BpHi  j]" 
and  [(PPh3>2Cu2(H-H)2C2B9H9].  The  structural  analysis  reveals  that  both  cupracarboranes 
adopt  a  closo  geometry  for  the  d^®  MC2B9  icosahedra.  Two  copper(I)  centers  of  the  homodi- 
nuclear  complex  are  incorporated  into  one  carborane  cage  via  the  open  pentagonal  C2B3  face  and 
two  B-H-Cu  bridges.  Both  bridging  BH  units  stem  from  the  upper  pentagonal  belt  resulting  in 
the  interatomic  Cu(I)-Cu(I)  distance  of  2.576(1)  A.  The  relatively  close  Cu(I)-Cu(I)  proximity 
can  be  ascribed  to  a  metal-metal  interaction  and  the  dinuclear  cupracarborane  can  be  viewed  as  a 
zwitterionic  salt  which  upon  dissolution  remains  intact  while  exhibiting  fluxional  behavior.  The 
nature  of  these  fluxional  processes  has  been  explored  by  variable  temperature  multinuclei  FTNMR 
spectroscopy. 

[(PPh3)2Cu2(H-H)2C2B9H9]  crystallizes  in  the  monoclinic  space  group  P2j/n,  with 
a  =  10.005(2),  b  =  20.693(4),  c  =  18.998(3)  A,  0  =  92.664(6)°,  Z  =  4.  PPN[(PPh3)CuC2B9H1  j] 
crystallizes  in  the  monoclinic  space  group  P2i/n,  with  a  =  1 1.507(1),  b  -  14.772(1),  c  -  30.751(2) 
A,  0  =  90.284(2)°,  Z  =  4. 


Cupracarboranes  Containing  a  c/oso-CuC^CjBq  Geometry.  Synthesis  and 
Structure  of  [(PPh3)CuC2B9H  j  j]*  and  [(PPh3)2Cu2(H-H)2C2B9H9]. 

Sir: 

An  additional  manifestation  of  the  versatile  electron  donor  ability  of  [mdo-7,8 
-C2B9H1  j]2*  (1) 1  in  metallacarborane  chemistry  has  recently  appeared  in  the  form  of 
polynuclear  metallacarboranes  involving  exopolyhedral  boron-hydride-metal  three-center, 
two-electron  linkages  ^’3  While  the  bridge  bonding  mode  I  is  the  most  usual  pattern 
encountered  in  polynuclear  metal  complexes  of  1,  the  unit  II  has  only  been  realized  in  the 
bimetallic  aluminacarborane,  commo-3ty-Al[(exo-%,9-(\i--H)2^^2^5^2'^'  1  >2- AIC2B9H9)- 
(3',  1  ',2'- AIC2B9H  j  1 )]  (2) ,3c.4  in  which  the  bridging  BH  units  stem  from  the  upper  and 
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lower  pentagonal  belts  of  one  dicarbollide  cage.  As  part  of  the  investigation  into  the  extended 
use  of  1  in  the  synthesis  of  novel  metallacarboranes  containing  metal-hydride-boron  bridge 
bonds,  the  reaction  chemistry  of  1  with  copper(I)  has  been  examined.^ 

Routes  to  two  novel  phosphinocupracarboranes  have  recently  been  discovered. 
Depending  cm  the  absence  or  presence  of  (PPN)+C1*  (PPN+  =  Wr(triphenylphosphoranyli- 
dene)ammonium  cation),  the  dithallium  salt**  of  1  reacts  with  triphenylphosphine-substituted 
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copper(I)  chlorides  (L^CuCl,  n  =  1,2)  to  form  either  dinuclear  c/oro-[exo-4,8-(ii-H)2Cu- 
(PPh3>-3-(PPh3)-3, 1  ^-CtKI^BQHp]  (3;  white;  79%)  or  mononuclear  (PPN)[c/aw>-3-(PPh3) 
-3,1^-CuC2B9Hjj]  [(FPN)-4;  off-white;  84%].  Both  compounds  were  characterized  by 
single-crystal  X-ray  analyses^  as  well  as  other  means.** 

The  crystal  structure  of  3  consists  of  two  enantiomers  related  by  an  inversion  center  to 
form  the  racemic  system.  The  structure  of  3,  shown  in  Figure  1 ,  contains  two  copper(I)  centers 

[Figure  1] 

which  are  incorporated  into  one  carborane  cage  via  the  open  pentagonal  C2B3  face  and  two 
B-H-Cu  bridges  as  in  mode  n.  Both  bridging  BH  units  originate  from  the  upper  pentagonal 
belt,  in  contrast  to  2,  such  that  the  plane  of  Cu(01)-B(04)-B(08)  forms  a  dihedral  angle  of  40.9° 
with  the  pentagonal  C2B3  plane  (10.016  A)  and  the  interatomic  distance  between  two  copper(I) 
ions  of  formal  d1®  configuration  is  2.376(1)  A.  This  structural  situation  raises  at  least  two 
engaging  questions  as  to  the  geometry  of  the  polyhedral  frame  work  of  the  Cu(03)C2B9  fragment 
and  the  extent  of  Cu(I>Cu(I)  interaction. 

The  structure  of  metallacarboranes  containing  electron-rich  late  transition  metal  ions  has 
been  described  in  terms  of  molecular  distortions  such  as  the  slipping,^1®  folding1®  and 
tilting^*1 1  distortions.  The  parameters  which  are  associated  with  these  molecular  distortions 
remain  useful  for  descriptive  purposes,  but  do  not  always  delineate  the  electron  count  of  the 
polyhedral  framework  of  the  MC2B9  cages.  Nevertheless,  the  structural  analysis  favors  closo 
geometry  for  the  Cu(03)C2B9  cage  of  3.  In  3,  the  lower  B5  plane  is  nearly  planar  (±0.004  A) 
while  the  upper  C2B3  plane  experiences  a  minor  distortion  with  2.3°  and  1.1°  for  the  folding 
parameters1®  0  and  respectively.  The  displacement  of  Cu(03)  from  the  perpendicular  passing 
through  the  centroid  of  the  lower  B5  plane,  known  as  the  slipping  parameter  A,1®  is  calculated  to 
be  0.25  A.  These  values  for  the  distortion  parameters  fall  into  the  range  observed  in  closo 
icosahedral  metallacarboranes  ^  rather  than  slipped  metallacarboranes. 1  ^  The  interaction  of 
copper  with  the  cage  via  the  open  C2B3  face  in  3  is  typical  of  closo- MC2B9  complexes  so  far 
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structurally  characterized,1^’1^  with  a  mean  M-C/M-B  distance  ratio  (1.06)  close  to  unity.  The 
anionic  c/oro-tLQ^BqH  j  j]‘  fragment  of  3  can  be  synthesized  as  a  separate,  isolated  entity. 
The  compound  (PPN)4  is  such  an  example  and  the  structure  of  4,  as  displayed  in  Figure  2,  also 

[Figure  2] 

adopts  closo  geometry.1**  The  closo  geometry  for  the  d1®  MC2B9  icosahedra,  in  both  3  and  4, 
seems  to  be  unusual  since  a  progressive  opening  of  the  MC2B9  metallacaiborane  cage  has  been 
pointed  out-*  as  a  trend  in  the  structural  changes  for  the  isoelec tronic  18-electron  series  [Re(CO)3- 
c2B9Hn]-, 12a  [Au(S2CNEt2)C2B9H11],  U’13c  [Hg(PPh3)C2B9H11], 5’17  and  [Tl- 
C2B9H  j  j]*.17,1^  However  this  geometry  has  been  anticipated  as  a  possible  structure  for 
(PPl^lG^BgHjoCCjHjN)  ^  by  analogy  with  the  known  T\$  structure  of  (PPl^lCu^^)  ^ 
A  range  of  Cu-Cu  distances  from  2.33  A  to  about  3.6  A  is  found  in  polynuclear  copper(I) 
compounds.2®  MO  analyses  performed  with  Cunn+  (n  =  2,4)  at  the  extended  Huckel  level  of 
approximation  supports  the  existence  of  a  soft  and  attractive  Cu(I)-Cu(I)  interaction,  overlaid 
upon  the  requirements  of  the  bridging  ligand  set.2®1*  In  [Cu2(tmen)2(p.-C0)(p-PhC02)]+  the 
bridging  ligand  stereochemistry  dominates,  resulting  in  the  very  short  Cu(I)-Cu(I)  distance  of 
2.419(2)  A,2®0  whereas  in  3  the  stereochemical  requirements  of  the  bridging  ligand  (1)  are  likely 
to  be  minimal  since  the  elevation  angles  of  the  hydrogen  substituents  in  the  MC2B9H1  j  cages  are 
not  restricted  to  that  of  a  regular  icosahedron.1®1*  Thus  the  relatively  close  Cu(I)-Cu(I)  proximity 
in  3  can  be  considered  to  be  a  consequence  of  a  metal-metal  interaction  similar  to  that  found  in 
Fe2(CO)gC4(CH3)2(OH)2  21  and  its  homologues  22 

Although  the  isolation  of  the  anionic  compound  4  supports  the  zwitterionic  nature  of  3, 
(PPN)-4  does  not  convert  to  3  in  the  presence  of  LCuCl.  The  dinuclear  structural  integrity  of  3 
remains  intact  upon  dissolution  although  fluxional  motions  become  operative  above  253  K  since 
coalescence  occurs  at  this  temperature  as  observed  by  variable  temperature  ^P^H)  FTNMR 
spectroscopy.®3  At  203  K,  the  two  phosphorus  nuclei  of  3  are  distinguishable  while  the  two 
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CH  hydrogens  of  the  carborane  cage  remain  indistinguishable  in  NMR,  indicating  that  at 
least  one  kind  of  fluxional  motion  is  still  present  at  this  temperature.  The  evidence  at  hand 
does  not  unequivocally  reveal  the  nature  of  the  fluxional  processes. 
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Figure  1.  Structure  of  [(PPh3)2Cu2(lt-H)2C2B9H9]  (3)  showing  atom-labeling 
scheme.  Labeling  of  phenyl  rings  and  all  hydrogen  atoms  except  the 
bridging  hydrides  have  been  omitted  for  clarity.  Selected  values  of 
interatomic  distances  (A)  and  angles  (deg):  Cu(01)-Cu(03),  2.576(1); 
Cu(01)-P(02),  2.197(1);  Cu(03)-P(01),  2.164(1);  Cu(03)-C(C2B3 
face),  2.331(4),  2.280(4);  Cu(03)-B(C2B3  face),  2.226(5),  2.164(5), 
2.140(5);  Cu(01)-B(C2B3  face),  2.173(5),  2.210(4);  P(01)-Cu(03) 
-B(10),  162.5(1). 

Figure  2.  Structure  of  [(PPh^O^BgHj  j)’  (4)  showing  atom-labeling 
scheme.  Selected  values  of  interatomic  distances  (A)  and 
angles  (deg):  Cu(03)-P(01),  2.147(2);  Cu(03)-C(C2B3  face), 
2.316(6),  2.317(6);  Cu(03)-B(C2B3  face),  2.181(7),  2.167(7), 
2.116(7);  P(01)-Cu(03)-B(10),  162.9(1). 
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